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Abstract
In Embodied Question Answering (EmbodiedQA), an
agent interacts with an environment to gather necessary
information for answering user questions. Existing works
have laid a solid foundation towards solving this interesting
problem. But the current performance, especially in navi-
gation, suggests that EmbodiedQAmight be too challenging
for current approaches. In this paper, we empirically study
this problem and introduce 1) a simple yet effective base-
line that can be end-to-end optimized by SGD; 2) an easier
and practical setting for EmbodiedQA where an agent has
a chance to adapt the trained model to a new environment
before it actually answers users questions. In the new set-
ting, we randomly place a few objects in new environments,
and upgrade the agent policy by a distillation network to
retain the generalization ability from the trained model. On
the EmbodiedQA v1 benchmark, under the standard setting,
our simple baseline achieves very competitive results to the-
state-of-the-art; in the new setting, we found the introduced
small change in settings yields a notable gain in navigation.
1. Introduction
A long-standing goal of artificial intelligence is to de-
velop agents that can perceive and interact with the en-
vironment and communicate with humans in natural lan-
guage. A representative research area is studying a goal-
driven agent that can communicate with humans (language),
perceive the environment (vision), and explore the space
(taking actions). This paper focuses on a kind of such
problem called Embodied Question Answering (Embod-
iedQA) [8], a sub-field derived from Visual Question An-
swering (VQA), where users could ask an agent questions,
and to answer these questions, the agent needs to perform
actions to navigate the environment and collect evidence.
A key difference to related problems, such as visual navi-
gation [24, 37, 30], is that the agent is only given the first-
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Figure 1. Illustration of the EmbodiedQA task under the standard
evaluation setting (Left) and the calibration setting (Right). The
asked question is shown on the top. To answer this question, the
agent is given only the first-person view and is expected to move
closer to the car in an unseen environment. Under the standard
setting, it is difficult for an agent to navigate since it has never
seen the environment before. In the new calibration setting, it is
easier for the agent to choose the right direction as its model has
been adapted to the new environment via the calibration.
person view and has no access to the global map of the envi-
ronment nor the room/object layout in the environment. The
example in Fig. 1 illustrates this challenging setting where
the agent needs to answer questions about an object at a
random location in the environment.
The pilot works on EmbodiedQA in the literature [8, 41,
9] have laid a solid foundation towards solving this interest-
ing problem. These works have achieved promising results
in terms of the final Question Answering (QA) accuracy.
Despite the promising progress, EmbodiedQA remains to
be very challenging to solve, and perhaps too challenging
for current approaches. A recent paper by Anand et al. [3]
reported an observation that a blind agent, which is de-
signed as a simple CNN Bag-of-words model to completely
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ignore the environment and visual information, is able to
achieve the state-of-the-art QA performance. Besides fix-
ing the statistical irregularities in the EmbodiedQA dataset
as claimed in [3], on the other hand, Anand et al.’s inter-
esting observation inspires us to step back and empirically
revisit the EmbodiedQA problem.
First, Anand et al.’s results suggest using the QA accu-
racy as the only evaluation metric is not sufficient. The eval-
uation metric on grounding seems, perhaps, equally impor-
tant as the final QA accuracy. We can use the navigation
distance in EmbodiedQA as the grounding metric, which
measures the change (in meters) during the navigation to-
wards the target object. This idea agrees with contempo-
rary works in VQA, where a system is designed to answer a
question based on correct “ grounding snippets” either spa-
tially (e.g. in [43]) or temporally (e.g. in [25]). Under the
new criteria, a blind agent in [3], though enjoys a decent QA
accuracy, still suffers from the random navigation accuracy.
Second, existing EmbodiedQA systems [8, 41, 9] can be
generally divided into a navigation module and a QA mod-
ule. These two modules are first individually optimized and
then jointly trained by Reinforcement Learning (RL). See
Section 2. This is different from the simple baseline in [3] as
well as many other VQA models, where the model is often
trained end-to-end by Stochastic Gradient Descent (SGD).
This observation inspires us to seek the answer to the fol-
lowing question to what extend a true simple end-to-end
EmbodiedQA baseline is able to achieve in comparison to
the state-of-the-art? To this end, we introduce a new simple
yet effective EmbodiedQA baseline. Different from exist-
ing RL-based approaches, it employs a simple policy model
for navigation and a standard LSTM model for question an-
swering. By virtue of this simple design, our network can be
end-to-end trained by SGD in which both two modules can
be optimized efficiently. Empirically, we found this simple
baseline achieves competitive results on the EmbodiedQA
benchmark both in terms of the final QA and the navigation
accuracy. A notable benefit of our simple baseline is that it
is simple to integrate with a wide variety of VQA models,
most of which are trained by SGD as opposed to RL-based
approaches.
Finally, our empirical results indicate that the QA bot-
tleneck stems from the worse navigation in the unseen en-
vironment, i.e. an agent is hardly able to reach a point to
observe the target object in a new environment, let alone an-
swer the question. It suggests that the EmbodiedQA setting
may be too challenging for current approaches. Recall our
goal is to understand the capability of simple EmbodiedQA
methods. As a result, as opposed to developing more ad-
vanced navigation models, this paper introduces a slightly
easier setting in which users are allowed to ask the agent a
few rhetorical questions whenever it enters into a new envi-
ronment. No extra supervision is needed since users already
know and simply do not care the answers to these questions.
Our real goal is to warm up the agent in the new environ-
ment. It is a practical setting as the adaption can be conve-
niently finished via the same QA interface without changing
the agent’s pipeline.
To this end, we randomly place some reserved objects,
called “markers”, in a new environment and ask the agent
questions about the colors of these markers in order to adapt
the already trained model to the new environment. We call it
calibration setting as users can adapt the agent to a new en-
vironment in a similar way as calibrating a new camera. We
found that this small change in setting considerably reduces
the learning difficulty and yields notable gains in naviga-
tion. This setting shares a high-level similarity with visual
navigation. But note in EmbodiedQA, we are not allowed
to access to the environment structures (i.e., rooms, objects
layout and global sketch map).
We empirically compare our method to the state-of-the-
art approaches on the EmbodiedQA v1 benchmark. Un-
der the standard setting, we show that our simple baseline
achieves very competitive results in terms of both QA and
navigation accuracy. To the best of our knowledge, this is
one of the first EmbodiedQA methods that can be end-to-
end optimized by SGD. In the new “calibration” setting, the
results validate this small change in setting leads to a signif-
icant gain in navigation when the agent is further (30 and 50
action steps) away from the target. In summary, this paper
presents an empirical study on the recent topic of Embod-
iedQA. Our main observations can be summarized as:
• We propose a simple baseline method that can be end-
to-end optimized by SGD, which is competitive to the
state-of-the-art EmbodiedQA methods.
• We introduce an easier and practical setting for Em-
bodiedQA. We found this small change in setting
yields a notable gain in navigation especially when the
agent is further away from the target.
• The marker generation and model adaptation may
greatly influence the agent’s performance. We found
randomly placing a few marks and distill the knowl-
edge from the trained model performs reasonably well
in practice.
2. Related work
In the EmbodiedQA task, vision, language, and naviga-
tion action are combined together in building an intelligent
goal-driven agent. It origins from two widely studied tasks,
the visual navigation task and the visual question answering
task. We first review related works for these two tasks and
then extend the discussion to the EmbodiedQA task.
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2.1. Visual Navigation
The problem of navigating in an environment based on
visual input has long been studied in computer vision and
robotics [24]. Classical approaches [37] constructed a 3D
model of the environment based on visual observations, and
then planed and selected paths based on this map. Some
early approaches [5, 6] required a prior global map or build-
ing an environment map on-the-fly.
Recently, deep reinforcement learning was developed
and successfully applied to the visual navigation task. Some
works [19, 31] utilized auxiliary tasks during training to
improve navigation performance. Others either took the
recurrent neural network (RNN) to represent the mem-
ory [14, 21, 30, 33] or predicted navigational actions di-
rectly from visual observations [7, 32, 43].
In the visual language navigation task, the language in-
puts are instructions to teach the agent how to move. How-
ever, in EmbodiedQA, the language input is a question
about a target object, without any instructions on how to
reach it. The visual navigation is only an intermediate step
towards the end goal of question answering. Another differ-
ence is that the EmbodiedQA agent is only given the first-
person view and has no access to the global map of the en-
vironment nor the room/object layout in the environment.
We study this problem in the context of EmbodiedQA.
2.2. Visual Question Answering
Recently, vision and language has attracted a lot of re-
search attention. Visual question answering (VQA) is an
interesting AI task that utilizes the input of both vision and
language. Many VQA approaches [2, 28, 20] trained the
model from the encoded image features and text features via
the end-to-end network optimized by SGD. A key research
question in VQA is studying an effective multimodal mod-
ule to combine the image and text for answer inference. Re-
cent studies show the attention-based model [4, 10, 26, 40]
is a promising direction for this purpose. Some recent
works [1, 13, 25, 42] introduce visual grounding to the VQA
models to avoid the language priors in training data. It is
reasonable to expect VQA models that are answering ques-
tions for the “right reasons”.
Existing VQA problems mainly focus on the static vision
language dataset [2, 11, 13, 23, 44], where the agent an-
swers questions based on a passive vision input, i.e., without
the ability to interact with the environment. In comparison,
EmbodiedQA allows an agent to explore the space (take ac-
tions) before answering questions. It is worth emphasizing
that since this paper is studying the capability of a simple
method for EmbodiedQA, we use the standard VQA model
for answer inference. The proposed model is compatible
with advanced VQA models, and it is simple to incorporate
existing VQA models, most of which are also end-to-end
trained by SGD.
2.3. Embodied Question Answering
Embodied Question Answering (EmbodiedQA) is a QA
task that requires an agent to interact with a dynamic visual
environment. This task is also relevant to vision-language
grounding [18, 29]. A common framework is to divide the
task into two sub-tasks: an intermediate navigation task and
a downstream QA task. The navigation module is essential
since it is a prerequisite to seeing an object before answer-
ing questions about it. Previous works [8, 9] focused on the
navigation and used the same QA model for comparison.
For example, Das et al. [8] proposed Planner-Controller
Navigation Module (PACMAN), which is a hierarchical
structure for the navigation module, with a planner to select
actions (directions) and a controller that decide how far to
move following this action. The navigation module and vi-
sual question answering model are first trained individually
and then jointly trained by REINFORCE [38]. Similarly,
Gordon et al. [12] proposed the Hierarchical Interactive
Memory Network, consisting of a hierarchy of controllers
that operate at multiple levels of temporal abstraction and
a rich semantic memory that aids in navigation, interaction,
and question answering. Das et al. [9] further improved the
PACMAN model by Neural Modular Control (NMC) where
the higher-level master policy proposes semantic subgoals
to be executed by sub-policies. Different from their method,
we design an end-to-end training pipeline to jointly opti-
mize navigation and QA modules via SGD, which seems to
be more efficient and effective.
EmbodiedQA may be too challenging to solve by cur-
rent approaches. Previous works [8, 9] achieve poor nav-
igation performance, especially for the medium and long
distance questions. This is because the agent is hardly able
to see the target object in a new environment before it starts
answering the question. Fortunately, a recent study from
Yu et al. [41] proposed a multi-target EmbodiedQA task to
reduce this difficulty. In this setting, questions have multi-
ple targets, and users have a chance to provide guidance to
the agent for conducting the EmbodiedQA task. Likewise,
we tackled this challenging issue but from a different angle.
We study a slightly different setting that turns out greatly
reducing the difficulty for navigation learning. We propose
a proxy task to help the agent adapt the learned model to the
new environment using a few questions about the markers.
Building a global map for the unseen environment during
the exploration is also a feasible solution but is out of the
scope of the EmbodiedQA task.
3. Background
In the EmbodiedQA task, the agent is spawned at a ran-
dom location in an environment. The agent has a single
egocentric camera mounted at a fixed height, observing the
environment by RGB vision input in the first person view.
3
Note that it is not allowed to access global information
(map, location coordinates) or the structure of the environ-
ment (rooms and objects). Given an input question q about
a target object T , the agent needs to navigate in the envi-
ronment to find the necessary information of the target to
answer the question. The agent can take action from the
navigation actions space A. In the EQA v1 dataset, A con-
sists of four actions, i.e., move forward, turn left, turn right,
and stop navigation and start to answer the question. The
moving distance and rotation angle for one action step is
predefined as 0.5 meter and 9 degrees, respectively.
Generally, existing methods [8, 9, 41] divide the entire
process into two sub-tasks: an intermediate navigation task
and a downstream question answering task.
The navigation task is modeled as a partially observable
Markov decision process. The state space S consists of the
positions and poses of the embodied agent during explo-
ration which is not observable to the agent. The observa-
tion of the agent only contains the first-person-view images
O. The state transition probability P (s′|s, a) indicates the
probability that an agent in the current state s transfers to
a new state s′ by an action a. Let the initial state of an
embodied agent be s0 = (x0, y0, α0), where x and y indi-
cate the spatial localization and α is the heading angle. For
the navigation task, the agent is expected to find a sequence
of actions {a0, a1, ..., ai} ∈ A based on the observations
{o0, o1, ..., oi} and move closer to the target object T spec-
ified in the question q.
The question answering task is performed after the ex-
ploration in the environment. The agent is requested to an-
swer the question q based on its observation on the target
T . The performance of the agent is evaluated by both the
navigation performance (distance between the agent posi-
tion and the target object) and the final question answering
accuracy or QA accuracy for short.
4. End-to-End: A Simple Baseline
For the ease of optimization, prior works [8, 9] on Em-
bodiedQA treat the navigation and question answering as
two separate modules and start training them separately. Af-
ter that Deep RL is used to jointly train the navigation and
the QA modules. In this section, we discuss a simple end-
to-end (E2E) network that can be trained without RL.
Navigation module. As opposed to directly minimiz-
ing the distance to the target via RL approaches, we regard
the shortest path, from the spawn location to the target, as
the supervision to guide the agent’s behavior and train the
navigation module using the imitation learning via SGD.
Formally, given a question and a current observation o,
the navigation policy is represented by a model pi(a|q, o),
where the policy pi generates a sequence of actions that
move the agent. We want to keep the model as simple as
possible and use Long Short-Term Memory (LSTM) [17] to
a0
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a1
<latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0sw m7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRom xJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit><latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0sw m7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRom xJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit><latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0sw m7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRom xJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit><latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0sw m7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRom xJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit>
q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
Question Answering
…
Observation
Action
Question
a
<latexit sha1_base64="acKf+jBgi2tjKDGMEFyB0oxGYdA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0sw m7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpgVYG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzS+dkTOrDEkYa1 sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG89jOhkhS5YotFYSoJxiR/mwyF5gzl1BLKtLC3EjammjK04eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz/3yoz5</latexit><latexit sha1_base64="acKf+jBgi2tjKDGMEFyB0oxGYdA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0sw m7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpgVYG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzS+dkTOrDEkYa1 sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG89jOhkhS5YotFYSoJxiR/mwyF5gzl1BLKtLC3EjammjK04eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz/3yoz5</latexit><latexit sha1_base64="acKf+jBgi2tjKDGMEFyB0oxGYdA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0sw m7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpgVYG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzS+dkTOrDEkYa1 sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG89jOhkhS5YotFYSoJxiR/mwyF5gzl1BLKtLC3EjammjK04eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz/3yoz5</latexit><latexit sha1_base64="acKf+jBgi2tjKDGMEFyB0oxGYdA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0sw m7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpgVYG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzS+dkTOrDEkYa1 sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG89jOhkhS5YotFYSoJxiR/mwyF5gzl1BLKtLC3EjammjK04eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz/3yoz5</latexit>
o
<latexit sha1_base64="rc9mjXf7EfNJ1NHV/Q7uMle/pxI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTM7M wyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikZ3M7/1hNpwJR/sOMUwoQPJY86odVJd9Uplv+LPQVZJkJMy5Kj1Sl/dvmJZgtIyQY3pBH5qwwnVljOB02I3M5hSNqID7DgqaYImnMwPnZJzp/RJrLQrac lc/T0xoYkx4yRynQm1Q7PszcT/vE5m45twwmWaWZRssSjOBLGKzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPYlYzz</latexit><latexit sha1_base64="rc9mjXf7EfNJ1NHV/Q7uMle/pxI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTM7M wyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikZ3M7/1hNpwJR/sOMUwoQPJY86odVJd9Uplv+LPQVZJkJMy5Kj1Sl/dvmJZgtIyQY3pBH5qwwnVljOB02I3M5hSNqID7DgqaYImnMwPnZJzp/RJrLQrac lc/T0xoYkx4yRynQm1Q7PszcT/vE5m45twwmWaWZRssSjOBLGKzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPYlYzz</latexit><latexit sha1_base64="rc9mjXf7EfNJ1NHV/Q7uMle/pxI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTM7M wyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikZ3M7/1hNpwJR/sOMUwoQPJY86odVJd9Uplv+LPQVZJkJMy5Kj1Sl/dvmJZgtIyQY3pBH5qwwnVljOB02I3M5hSNqID7DgqaYImnMwPnZJzp/RJrLQrac lc/T0xoYkx4yRynQm1Q7PszcT/vE5m45twwmWaWZRssSjOBLGKzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPYlYzz</latexit><latexit sha1_base64="rc9mjXf7EfNJ1NHV/Q7uMle/pxI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTM7M wyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikZ3M7/1hNpwJR/sOMUwoQPJY86odVJd9Uplv+LPQVZJkJMy5Kj1Sl/dvmJZgtIyQY3pBH5qwwnVljOB02I3M5hSNqID7DgqaYImnMwPnZJzp/RJrLQrac lc/T0xoYkx4yRynQm1Q7PszcT/vE5m45twwmWaWZRssSjOBLGKzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPYlYzz</latexit>
Navigation 
module
LSTM cell
q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
Answer
ai1<latexit sha1_base64="ULBxCYXBDDxMSt8AxTyTOlfqB84=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqKOvQWMSqHxDNBJesY7gRrJ8oRqJAsF4wvS383hNTmsfywcwS5kVkLHnIKTFWeiR+xv0M53nNrzfcpjsHWiW4JA0o0fbrX8NRTNOISUMF0XqA3cR4GVGGU8Hy2jDVLCF0SsZsYKkkEdNeNr84R2 dWGaEwVrakQXP190RGIq1nUWA7I2ImetkrxP+8QWrCay/jMkkNk3SxKEwFMjEq3kcjrhg1YmYJoYrbWxGdEEWosSEVIeDll1dJ96KJ3Sa+v2y0bso4qnACp3AOGK6gBXfQhg5QkPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8AKl+QkQ==</latexit><latexit sha1_base64="ULBxCYXBDDxMSt8AxTyTOlfqB84=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqKOvQWMSqHxDNBJesY7gRrJ8oRqJAsF4wvS383hNTmsfywcwS5kVkLHnIKTFWeiR+xv0M53nNrzfcpjsHWiW4JA0o0fbrX8NRTNOISUMF0XqA3cR4GVGGU8Hy2jDVLCF0SsZsYKkkEdNeNr84R2 dWGaEwVrakQXP190RGIq1nUWA7I2ImetkrxP+8QWrCay/jMkkNk3SxKEwFMjEq3kcjrhg1YmYJoYrbWxGdEEWosSEVIeDll1dJ96KJ3Sa+v2y0bso4qnACp3AOGK6gBXfQhg5QkPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8AKl+QkQ==</latexit><latexit sha1_base64="ULBxCYXBDDxMSt8AxTyTOlfqB84=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqKOvQWMSqHxDNBJesY7gRrJ8oRqJAsF4wvS383hNTmsfywcwS5kVkLHnIKTFWeiR+xv0M53nNrzfcpjsHWiW4JA0o0fbrX8NRTNOISUMF0XqA3cR4GVGGU8Hy2jDVLCF0SsZsYKkkEdNeNr84R2 dWGaEwVrakQXP190RGIq1nUWA7I2ImetkrxP+8QWrCay/jMkkNk3SxKEwFMjEq3kcjrhg1YmYJoYrbWxGdEEWosSEVIeDll1dJ96KJ3Sa+v2y0bso4qnACp3AOGK6gBXfQhg5QkPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8AKl+QkQ==</latexit><latexit sha1_base64="ULBxCYXBDDxMSt8AxTyTOlfqB84=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU8mKoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqKOvQWMSqHxDNBJesY7gRrJ8oRqJAsF4wvS383hNTmsfywcwS5kVkLHnIKTFWeiR+xv0M53nNrzfcpjsHWiW4JA0o0fbrX8NRTNOISUMF0XqA3cR4GVGGU8Hy2jDVLCF0SsZsYKkkEdNeNr84R2 dWGaEwVrakQXP190RGIq1nUWA7I2ImetkrxP+8QWrCay/jMkkNk3SxKEwFMjEq3kcjrhg1YmYJoYrbWxGdEEWosSEVIeDll1dJ96KJ3Sa+v2y0bso4qnACp3AOGK6gBXfQhg5QkPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8AKl+QkQ==</latexit> ai2<latexit sha1_base64="99yH11TxogKGBXt6RWxCoUQ/AeA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2hM120y7d3Y TdjVBC/oUXD4p49d9489+4aXPQ1gcDj/dmmJkXJpxp47rfztr6xubWdmWnuru3f3BYOzru6jhVhHZIzGPVD7GmnEnaMcxw2k8UxSLktBdObwu/90SVZrF8MLOE+gKPJYsYwcZKjzjIWJA187wa1Opuw50DrRKvJHUo0Q5qX8NRTFJBpSEcaz3w3MT4GVaGEU7z6jDVNMFkisd0YKnEgmo/m1+co3 OrjFAUK1vSoLn6eyLDQuuZCG2nwGail71C/M8bpCa69jMmk9RQSRaLopQjE6PifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpNhue2/DuL+utmzKOCpzCGVyAB1fQgjtoQwcISHiGV3hztPPivDsfi9Y1p5w5gT9wPn8AK+aQkg==</latexit><latexit sha1_base64="99yH11TxogKGBXt6RWxCoUQ/AeA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2hM120y7d3Y TdjVBC/oUXD4p49d9489+4aXPQ1gcDj/dmmJkXJpxp47rfztr6xubWdmWnuru3f3BYOzru6jhVhHZIzGPVD7GmnEnaMcxw2k8UxSLktBdObwu/90SVZrF8MLOE+gKPJYsYwcZKjzjIWJA187wa1Opuw50DrRKvJHUo0Q5qX8NRTFJBpSEcaz3w3MT4GVaGEU7z6jDVNMFkisd0YKnEgmo/m1+co3 OrjFAUK1vSoLn6eyLDQuuZCG2nwGail71C/M8bpCa69jMmk9RQSRaLopQjE6PifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpNhue2/DuL+utmzKOCpzCGVyAB1fQgjtoQwcISHiGV3hztPPivDsfi9Y1p5w5gT9wPn8AK+aQkg==</latexit><latexit sha1_base64="99yH11TxogKGBXt6RWxCoUQ/AeA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2hM120y7d3Y TdjVBC/oUXD4p49d9489+4aXPQ1gcDj/dmmJkXJpxp47rfztr6xubWdmWnuru3f3BYOzru6jhVhHZIzGPVD7GmnEnaMcxw2k8UxSLktBdObwu/90SVZrF8MLOE+gKPJYsYwcZKjzjIWJA187wa1Opuw50DrRKvJHUo0Q5qX8NRTFJBpSEcaz3w3MT4GVaGEU7z6jDVNMFkisd0YKnEgmo/m1+co3 OrjFAUK1vSoLn6eyLDQuuZCG2nwGail71C/M8bpCa69jMmk9RQSRaLopQjE6PifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpNhue2/DuL+utmzKOCpzCGVyAB1fQgjtoQwcISHiGV3hztPPivDsfi9Y1p5w5gT9wPn8AK+aQkg==</latexit><latexit sha1_base64="99yH11TxogKGBXt6RWxCoUQ/AeA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/cA2hM120y7d3Y TdjVBC/oUXD4p49d9489+4aXPQ1gcDj/dmmJkXJpxp47rfztr6xubWdmWnuru3f3BYOzru6jhVhHZIzGPVD7GmnEnaMcxw2k8UxSLktBdObwu/90SVZrF8MLOE+gKPJYsYwcZKjzjIWJA187wa1Opuw50DrRKvJHUo0Q5qX8NRTFJBpSEcaz3w3MT4GVaGEU7z6jDVNMFkisd0YKnEgmo/m1+co3 OrjFAUK1vSoLn6eyLDQuuZCG2nwGail71C/M8bpCa69jMmk9RQSRaLopQjE6PifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpNhue2/DuL+utmzKOCpzCGVyAB1fQgjtoQwcISHiGV3hztPPivDsfi9Y1p5w5gT9wPn8AK+aQkg==</latexit> ai3<latexit sha1_base64="Vy3/ko0iAd32J5gSX/1h9eBZETg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsPM9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOT qxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3UWjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHLW2Qkw==</latexit><latexit sha1_base64="Vy3/ko0iAd32J5gSX/1h9eBZETg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsPM9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOT qxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3UWjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHLW2Qkw==</latexit><latexit sha1_base64="Vy3/ko0iAd32J5gSX/1h9eBZETg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsPM9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOT qxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3UWjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHLW2Qkw==</latexit><latexit sha1_base64="Vy3/ko0iAd32J5gSX/1h9eBZETg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsPM9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOT qxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3UWjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHLW2Qkw==</latexit> ai4<latexit sha1_base64="yxYbepAcsekMGpDawo6+EYNEQqY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3hZ+74kqzWL5YGYJ9QUeSxYxgo2VHnGQsSC7zPNaUG+4TXcOtEq8kjSgRDuofw1HMUkFlYZwrPXAcxPjZ1gZRjjNa8NU0wSTKR7TgaUSC6r9bH5xjs 6sMkJRrGxJg+bq74kMC61nIrSdApuJXvYK8T9vkJro2s+YTFJDJVksilKOTIyK99GIKUoMn1mCiWL2VkQmWGFibEhFCN7yy6uke9H03KZ3f9lo3ZRxVOEETuEcPLiCFtxBGzpAQMIzvMKbo50X5935WLRWnHLmGP7A+fwBLvSQlA==</latexit><latexit sha1_base64="yxYbepAcsekMGpDawo6+EYNEQqY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3hZ+74kqzWL5YGYJ9QUeSxYxgo2VHnGQsSC7zPNaUG+4TXcOtEq8kjSgRDuofw1HMUkFlYZwrPXAcxPjZ1gZRjjNa8NU0wSTKR7TgaUSC6r9bH5xjs 6sMkJRrGxJg+bq74kMC61nIrSdApuJXvYK8T9vkJro2s+YTFJDJVksilKOTIyK99GIKUoMn1mCiWL2VkQmWGFibEhFCN7yy6uke9H03KZ3f9lo3ZRxVOEETuEcPLiCFtxBGzpAQMIzvMKbo50X5935WLRWnHLmGP7A+fwBLvSQlA==</latexit><latexit sha1_base64="yxYbepAcsekMGpDawo6+EYNEQqY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3hZ+74kqzWL5YGYJ9QUeSxYxgo2VHnGQsSC7zPNaUG+4TXcOtEq8kjSgRDuofw1HMUkFlYZwrPXAcxPjZ1gZRjjNa8NU0wSTKR7TgaUSC6r9bH5xjs 6sMkJRrGxJg+bq74kMC61nIrSdApuJXvYK8T9vkJro2s+YTFJDJVksilKOTIyK99GIKUoMn1mCiWL2VkQmWGFibEhFCN7yy6uke9H03KZ3f9lo3ZRxVOEETuEcPLiCFtxBGzpAQMIzvMKbo50X5935WLRWnHLmGP7A+fwBLvSQlA==</latexit><latexit sha1_base64="yxYbepAcsekMGpDawo6+EYNEQqY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0dx N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2JNOZO0Y5jhtJ8oikXIaS+c3hZ+74kqzWL5YGYJ9QUeSxYxgo2VHnGQsSC7zPNaUG+4TXcOtEq8kjSgRDuofw1HMUkFlYZwrPXAcxPjZ1gZRjjNa8NU0wSTKR7TgaUSC6r9bH5xjs 6sMkJRrGxJg+bq74kMC61nIrSdApuJXvYK8T9vkJro2s+YTFJDJVksilKOTIyK99GIKUoMn1mCiWL2VkQmWGFibEhFCN7yy6uke9H03KZ3f9lo3ZRxVOEETuEcPLiCFtxBGzpAQMIzvMKbo50X5935WLRWnHLmGP7A+fwBLvSQlA==</latexit> ai5
<latexit sha1_base64="TdZ0CLA8IuLfZUXZlTPFzDwuxY4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthbbEDbbTbt0dxN2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8 hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsIs9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOTqxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3XmjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHMHuQlQ==</latexit><latexit sha1_base64="TdZ0CLA8IuLfZUXZlTPFzDwuxY4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthbbEDbbTbt0dxN2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8 hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsIs9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOTqxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3XmjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHMHuQlQ==</latexit><latexit sha1_base64="TdZ0CLA8IuLfZUXZlTPFzDwuxY4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthbbEDbbTbt0dxN2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8 hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsIs9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOTqxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3XmjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHMHuQlQ==</latexit><latexit sha1_base64="TdZ0CLA8IuLfZUXZlTPFzDwuxY4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cKthbbEDbbTbt0dxN2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5WV1bX1jepmbWt7Z3evvn/Q1XGqCO2QmMeqF2JNOZO0Y5jhtJcoikXI6UM4uSn8 hyeqNIvlvZkm1Bd4JFnECDZWesRBxoLsIs9rQb3hNt0Z0DLxStKAEu2g/jUYxiQVVBrCsdZ9z02Mn2FlGOE0rw1STRNMJnhE+5ZKLKj2s9nFOTqxyhBFsbIlDZqpvycyLLSeitB2CmzGetErxP+8fmqiKz9jMkkNlWS+KEo5MjEq3kdDpigxfGoJJorZWxEZY4WJsSEVIXiLLy+T7lnTc5ve3XmjdV3GUYUjOIZT8OASWnALbegAAQnP8ApvjnZenHfnY95accqZQ/gD5/MHMHuQlQ==</latexit>
oi0
<latexit sha1_base64="vBUtJtR5HBkxb45Ze81Hwjn3gZQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0sx t2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gunt4Xfe6JKMykezCyhfozHgkWMYGOlRxlkLMjcPK8F9YbbdOdAq8QrSQNKtIP613AkSRpTYQjHWg88NzF+hpVhhNO8Nkw1TTCZ4jEdWCpwTLWfzS/O0Z lVRiiSypYwaK7+nshwrPUsDm1njM1EL3uF+J83SE107WdMJKmhgiwWRSlHRqLifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4QEPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8APo6Qng==</latexit><latexit sha1_base64="vBUtJtR5HBkxb45Ze81Hwjn3gZQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0sx t2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gunt4Xfe6JKMykezCyhfozHgkWMYGOlRxlkLMjcPK8F9YbbdOdAq8QrSQNKtIP613AkSRpTYQjHWg88NzF+hpVhhNO8Nkw1TTCZ4jEdWCpwTLWfzS/O0Z lVRiiSypYwaK7+nshwrPUsDm1njM1EL3uF+J83SE107WdMJKmhgiwWRSlHRqLifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4QEPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8APo6Qng==</latexit><latexit sha1_base64="vBUtJtR5HBkxb45Ze81Hwjn3gZQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0sx t2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gunt4Xfe6JKMykezCyhfozHgkWMYGOlRxlkLMjcPK8F9YbbdOdAq8QrSQNKtIP613AkSRpTYQjHWg88NzF+hpVhhNO8Nkw1TTCZ4jEdWCpwTLWfzS/O0Z lVRiiSypYwaK7+nshwrPUsDm1njM1EL3uF+J83SE107WdMJKmhgiwWRSlHRqLifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4QEPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8APo6Qng==</latexit><latexit sha1_base64="vBUtJtR5HBkxb45Ze81Hwjn3gZQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbEDbbTbt0sx t2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZemHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gunt4Xfe6JKMykezCyhfozHgkWMYGOlRxlkLMjcPK8F9YbbdOdAq8QrSQNKtIP613AkSRpTYQjHWg88NzF+hpVhhNO8Nkw1TTCZ4jEdWCpwTLWfzS/O0Z lVRiiSypYwaK7+nshwrPUsDm1njM1EL3uF+J83SE107WdMJKmhgiwWRSlHRqLifTRiihLDZ5Zgopi9FZEJVpgYG1IRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4QEPAMr/DmaOfFeXc+Fq0Vp5w5hj9wPn8APo6Qng==</latexit>
ai0
<latexit sha1_base64="dSRUTJinTWy82JKXLZqeblaZl7s=">AAAB8XicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujeN8o8ra+sbmVnW7trO7t39QPzzq6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+Y3hZ+74kpzWP5YGYJ8yIyljzklBgrPRI/437m5HnNrzecpjMHXiVuSRpQou3Xv4ajmKYRk4YKovXAdRLjZUQZTgXLa8NUs4TQKRmzgaWSREx72fziHJ 9ZZYTDWNmSBs/V3xMZibSeRYHtjIiZ6GWvEP/zBqkJr72MyyQ1TNLFojAV2MS4eB+PuGLUiJklhCpub8V0QhShxoZUhOAuv7xKuhdN12m695eN1k0ZRxVO4BTOwYUraMEdtKEDFCQ8wyu8IY1e0Dv6WLRWUDlzDH+APn8AKNiQkA==</latexit><latexit sha1_base64="dSRUTJinTWy82JKXLZqeblaZl7s=">AAAB8XicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujeN8o8ra+sbmVnW7trO7t39QPzzq6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+Y3hZ+74kpzWP5YGYJ8yIyljzklBgrPRI/437m5HnNrzecpjMHXiVuSRpQou3Xv4ajmKYRk4YKovXAdRLjZUQZTgXLa8NUs4TQKRmzgaWSREx72fziHJ 9ZZYTDWNmSBs/V3xMZibSeRYHtjIiZ6GWvEP/zBqkJr72MyyQ1TNLFojAV2MS4eB+PuGLUiJklhCpub8V0QhShxoZUhOAuv7xKuhdN12m695eN1k0ZRxVO4BTOwYUraMEdtKEDFCQ8wyu8IY1e0Dv6WLRWUDlzDH+APn8AKNiQkA==</latexit><latexit sha1_base64="dSRUTJinTWy82JKXLZqeblaZl7s=">AAAB8XicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujeN8o8ra+sbmVnW7trO7t39QPzzq6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+Y3hZ+74kpzWP5YGYJ8yIyljzklBgrPRI/437m5HnNrzecpjMHXiVuSRpQou3Xv4ajmKYRk4YKovXAdRLjZUQZTgXLa8NUs4TQKRmzgaWSREx72fziHJ 9ZZYTDWNmSBs/V3xMZibSeRYHtjIiZ6GWvEP/zBqkJr72MyyQ1TNLFojAV2MS4eB+PuGLUiJklhCpub8V0QhShxoZUhOAuv7xKuhdN12m695eN1k0ZRxVO4BTOwYUraMEdtKEDFCQ8wyu8IY1e0Dv6WLRWUDlzDH+APn8AKNiQkA==</latexit><latexit sha1_base64="dSRUTJinTWy82JKXLZqeblaZl7s=">AAAB8XicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoMeiF48V7Ae2IWy2m3bpZh N2N0IJ+RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujeN8o8ra+sbmVnW7trO7t39QPzzq6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+Y3hZ+74kpzWP5YGYJ8yIyljzklBgrPRI/437m5HnNrzecpjMHXiVuSRpQou3Xv4ajmKYRk4YKovXAdRLjZUQZTgXLa8NUs4TQKRmzgaWSREx72fziHJ 9ZZYTDWNmSBs/V3xMZibSeRYHtjIiZ6GWvEP/zBqkJr72MyyQ1TNLFojAV2MS4eB+PuGLUiJklhCpub8V0QhShxoZUhOAuv7xKuhdN12m695eN1k0ZRxVO4BTOwYUraMEdtKEDFCQ8wyu8IY1e0Dv6WLRWUDlzDH+APn8AKNiQkA==</latexit>
q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZh N3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9 KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
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Figure 2. Overview of our E2E baseline. The model contains two
modules, designed for the intermediate navigation task and down-
stream question answering task, respectively. We adopt the LSTM
as the navigation model that takes as input the observation, current
action, and question embedding. In training, the agent is placed
on the shortest path from its spawning location to the target. At
each step, the LSTM outputs a predicted action to be executed by
the agent, which is supervised by mimicking the behavior of the
shortest path. The QA module outputs the final answer based on
the question and observations from the last five action steps.
model the policy and train the navigation module by mim-
icking the shortest path in a teacher-forcing way. Given the
observation input oi, the question q, the current action ai,
and the current hidden state hi, the policy pi predict the next
action ai+1 by updating the LSTM unit as follows:
ai+1, hi+1 = LSTM(oi, q, ai, hi). (1)
In training, the agent is placed on the shortest path and we
expect the policy pi to output the same action as the shortest
path does. Therefore, the navigation problem can be opti-
mized by the cross-entropy loss on the action prediction.
Question answering module. Given the question q and
the sequence of observations from the last 5 steps along the
navigation trajectory o = (oi−4, oi−3, ..., oi), the agent is
expected to predict the answer to the input question,
ansi = argmax
ans
pθ(ans|o, q), (2)
where ans indicates the answer candidates and pθ is the
QA model. Again we want to keep a simple model and
reuse the same QA module in previous works [8, 9]. The
QA module encodes the question with a 2-layer LSTM and
performs dot-product based attention between question em-
bedding and image features from the last five frames along
the navigation path right before the answer module is called.
End-to-end training. As shown in Fig. 2, we combine
the navigation and the QA module together in a united SGD
training pipeline. The concatenated embeddings of the ob-
servation, the current action, and the question are inputted
into the navigation LSTM module. We initialize the model
by mimicking the behavior of the shortest path navigation.
The inputs for the QA model are different for training and
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evaluation. During training, the QA model is trained to
maximize pθ(ans|ogt, q), where ogt is the observed im-
ages in the ground-truth path sequence. In evaluation, the
QA model makes prediction using pθ(ans|opred, q), where
opred is the predicted observation of the navigation model.
We draw the idea from Incremental Learning [35] to grad-
ually incorporate navigation predictions in training as the
navigation model becomes more accurate.
5. Calibration Setting and Adaptation Method
In this section, we introduce an easier and practical and
EmbodiedQA setting called calibration. We design a warm-
up stage that the agent is asked a few rhetorical questions
when it enters into a new environment. Our goal is to adapt
the agent policy to the new environments. For example,
when an agent is spawned in a new environment, a user
places a few markers in a room and ask questions about the
color of these markers. During the process, the agent learns
to adapt its model parameters to the new environment.
We call it a calibration setting as users could calibrate
an agent to a new environment in a similar way as calibrat-
ing a new camera. The setting is essentially the same as the
original setting except adding an extra QA step. It needs no
additional supervision as the answers to the rhetorical ques-
tions are known. It is a practical setting as the adaption can
be conveniently finished via the same QA interface without
changing the agent’s pipeline.
We propose a proxy task for the agent to explore the new
environment by randomly placing some markers. On top of
that, we design a distillation framework for the policy adap-
tion. We illustrate the way the agent explores environments
with marker guidance, including how to set up markers and
how to adapt the policy model to the new environments with
these markers.
5.1. Marker Generation
We select the objects, which do not overlap with the ob-
jects in the training/validation/test objects in the EQA v1
dataset as our markers. In total, we found five such objects
from the SUNCG dataset [36], which is the source of the
EQA v1 dataset. The five markers are “mailbox”, “safe”,
“shoes”, “tripod”, and “cloth”. Note markers can be any for-
eign objects in practice and we use the above objects mainly
because of their availability in the dataset. For simplicity,
we do not use duplicate markers in the same environment.
We randomly place the marker objects in each testing en-
vironment before evaluation. To encourage the agent to ex-
plore the entire environment, we define a minimum distance
threshold between different placed markers. The threshold
is set to 2 meters in our experiments. For example, each star
in Fig. 3 indicates a location where we place a marker.
For each marker, we automatically generate a question:
“what is the color of the <marker>?”. We are able to paint
Figure 3. Examples of the placed positions of the five marker ob-
jects. Each yellow star indicates we place a marker there.
arbitrary color on the placed marker objects so that answers
to the questions do not matter. We then generate the short-
est path for a random spawn location to each target marker.
In our experiments, the path is generated by the A? search
algorithm [15] through the render API of the environment.
Note as required in the EmbodiedQA setting, we are not al-
lowed to access the structure data or global map about the
environment that during this process. In the case where A?
is unavailable, it is also feasible for users to mark the short-
est path and input this information to the agent. In total,
we generate 290 questions for 290 markers in 58 test envi-
ronments. These questions will be used to adjust the agent
during the adaptation stage.
5.2. Model Adaptation
We employ a policy distillation method for model adap-
tation. Our goal is to adapt the trained agent to a new test en-
vironment while retaining the essential knowledge learned
from the original training set. Inspired by recent work [27],
we perform the distillation over the intermediate layer in the
LSTM model. Our adaptation network is shown in Fig. 4.
The input to this model is the automatically generated ques-
tions for the new environment. The model is learned to bal-
ance two types of supervision, i.e., the new policy loss of the
markers and the imitation loss to the pre-trained representa-
tion. For convenience, we use the superscript to denote the
adapted model. Similar to the previous training stage, the
observation oci , question embedding q
c and current action
aci are input to the navigation policy model at the i-th action
step of the adaptation framework. We have the following
modeling for the policy on the marker guided exploration,
aci+1, h
c
i+1 = Nav
c(oci , q
c, aci , h
c
i ). (3)
Let Lca be the policy loss over the new questions, defined
by the cross-entropy loss on the action prediction with the
action from the generated shortest path. Meanwhile during
calibration, given the same input, we also minimize the dis-
tillation/imitation loss [16] between the new (hidden states)
5
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<latexit sha1_base64="A8fBwV0s0YF4a9dT0BRVI6XxJ+w=">AAACDHicbVDLS sNAFL2pr1pfVZduBkvBVUlE0GXRjQsXFewD2hAmk2k7dDIJMxOhhHyAG3/FjQtF3PoB7vwbJ20WtvXAhcM593LvPX7MmdK2/WOV1tY3NrfK25Wd3b39g+rhUUdFiSS0TSI eyZ6PFeVM0LZmmtNeLCkOfU67/uQm97uPVCoWiQc9jakb4pFgQ0awNpJXrdUHIdZjgnl6l3lp4NlZZUHBWcV02Q17BrRKnILUoEDLq34PgogkIRWacKxU37Fj7aZYakY4N QsSRWNMJnhE+4YKHFLlprNnMlQ3SoCGkTQlNJqpfydSHCo1DX3Tmd+plr1c/M/rJ3p45aZMxImmgswXDROOdITyZFDAJCWaTw3BRDJzKyJjLDHRJr88BGf55VXSOW84ds O5v6g1r4s4ynACp3AGDlxCE26hBW0g8AQv8Abv1rP1an1Yn/PWklXMHMMCrK9fcdObOA==</latexit><latexit sha1_base64="A8fBwV0s0YF4a9dT0BRVI6XxJ+w=">AAACDHicbVDLS sNAFL2pr1pfVZduBkvBVUlE0GXRjQsXFewD2hAmk2k7dDIJMxOhhHyAG3/FjQtF3PoB7vwbJ20WtvXAhcM593LvPX7MmdK2/WOV1tY3NrfK25Wd3b39g+rhUUdFiSS0TSI eyZ6PFeVM0LZmmtNeLCkOfU67/uQm97uPVCoWiQc9jakb4pFgQ0awNpJXrdUHIdZjgnl6l3lp4NlZZUHBWcV02Q17BrRKnILUoEDLq34PgogkIRWacKxU37Fj7aZYakY4N QsSRWNMJnhE+4YKHFLlprNnMlQ3SoCGkTQlNJqpfydSHCo1DX3Tmd+plr1c/M/rJ3p45aZMxImmgswXDROOdITyZFDAJCWaTw3BRDJzKyJjLDHRJr88BGf55VXSOW84ds O5v6g1r4s4ynACp3AGDlxCE26hBW0g8AQv8Abv1rP1an1Yn/PWklXMHMMCrK9fcdObOA==</latexit><latexit sha1_base64="A8fBwV0s0YF4a9dT0BRVI6XxJ+w=">AAACDHicbVDLS sNAFL2pr1pfVZduBkvBVUlE0GXRjQsXFewD2hAmk2k7dDIJMxOhhHyAG3/FjQtF3PoB7vwbJ20WtvXAhcM593LvPX7MmdK2/WOV1tY3NrfK25Wd3b39g+rhUUdFiSS0TSI eyZ6PFeVM0LZmmtNeLCkOfU67/uQm97uPVCoWiQc9jakb4pFgQ0awNpJXrdUHIdZjgnl6l3lp4NlZZUHBWcV02Q17BrRKnILUoEDLq34PgogkIRWacKxU37Fj7aZYakY4N QsSRWNMJnhE+4YKHFLlprNnMlQ3SoCGkTQlNJqpfydSHCo1DX3Tmd+plr1c/M/rJ3p45aZMxImmgswXDROOdITyZFDAJCWaTw3BRDJzKyJjLDHRJr88BGf55VXSOW84ds O5v6g1r4s4ynACp3AGDlxCE26hBW0g8AQv8Abv1rP1an1Yn/PWklXMHMMCrK9fcdObOA==</latexit><latexit sha1_base64="A8fBwV0s0YF4a9dT0BRVI6XxJ+w=">AAACDHicbVDLS sNAFL2pr1pfVZduBkvBVUlE0GXRjQsXFewD2hAmk2k7dDIJMxOhhHyAG3/FjQtF3PoB7vwbJ20WtvXAhcM593LvPX7MmdK2/WOV1tY3NrfK25Wd3b39g+rhUUdFiSS0TSI eyZ6PFeVM0LZmmtNeLCkOfU67/uQm97uPVCoWiQc9jakb4pFgQ0awNpJXrdUHIdZjgnl6l3lp4NlZZUHBWcV02Q17BrRKnILUoEDLq34PgogkIRWacKxU37Fj7aZYakY4N QsSRWNMJnhE+4YKHFLlprNnMlQ3SoCGkTQlNJqpfydSHCo1DX3Tmd+plr1c/M/rJ3p45aZMxImmgswXDROOdITyZFDAJCWaTw3BRDJzKyJjLDHRJr88BGf55VXSOW84ds O5v6g1r4s4ynACp3AGDlxCE26hBW0g8AQv8Abv1rP1an1Yn/PWklXMHMMCrK9fcdObOA==</latexit>
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<latexit sha1_base64="cBdMHS2+lORd5oG m6pyDPngcsBw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtqlm0 3YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJU M95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76br9ccavuH GSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCW NtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJ G1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYt BacfOYY/sD5/AHLp412</latexit><latexit sha1_base64="cBdMHS2+lORd5oG m6pyDPngcsBw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtqlm0 3YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJU M95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76br9ccavuH GSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCW NtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJ G1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYt BacfOYY/sD5/AHLp412</latexit><latexit sha1_base64="cBdMHS2+lORd5oG m6pyDPngcsBw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtqlm0 3YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJU M95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76br9ccavuH GSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCW NtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJ G1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYt BacfOYY/sD5/AHLp412</latexit><latexit sha1_base64="cBdMHS2+lORd5oG m6pyDPngcsBw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtqlm0 3YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJU M95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76br9ccavuH GSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCW NtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJ G1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8wpsjnRfn3flYt BacfOYY/sD5/AHLp412</latexit>
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<latexit sha1_base64="oJ8OV44QPfXDob grjcj+IInjYm8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtql m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fC oZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9 ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qV NyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhn JiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8w psjnRfn3flYtBacfOYY/sD5/AHNK413</latexit><latexit sha1_base64="oJ8OV44QPfXDob grjcj+IInjYm8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtql m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fC oZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9 ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qV NyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhn JiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8w psjnRfn3flYtBacfOYY/sD5/AHNK413</latexit><latexit sha1_base64="oJ8OV44QPfXDob grjcj+IInjYm8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtql m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fC oZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9 ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qV NyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhn JiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8w psjnRfn3flYtBacfOYY/sD5/AHNK413</latexit><latexit sha1_base64="oJ8OV44QPfXDob grjcj+IInjYm8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WtB/QhrLZbtql m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fC oZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu76Xr9 ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qV NyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhn JiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1bu/rNSv8ziKcAKncA4e1KAOt9CAJjAYwjO8w psjnRfn3flYtBacfOYY/sD5/AHNK413</latexit>
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<latexit sha1_base64="5yF2JKGeM3dePkgYTKv6zY9kxYM=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0mKoMeiF29WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nf fkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd +xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPOr414</latexit><latexit sha1_base64="5yF2JKGeM3dePkgYTKv6zY9kxYM=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0mKoMeiF29WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nf fkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd +xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPOr414</latexit><latexit sha1_base64="5yF2JKGeM3dePkgYTKv6zY9kxYM=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0mKoMeiF29WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nf fkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd +xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPOr414</latexit><latexit sha1_base64="5yF2JKGeM3dePkgYTKv6zY9kxYM=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0mKoMeiF29WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nf fkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd +xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/qNSv8ziKcAKncA4eXEIdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPOr414</latexit>
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<latexit sha1_base64="6harSuAktBYoEam4YVvFUgVNlH8=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0lU0GPRizcr2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRv PaHSPJaPZpygH9GB5CFn1Fjp4a533itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd +xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfQM415</latexit><latexit sha1_base64="6harSuAktBYoEam4YVvFUgVNlH8=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0lU0GPRizcr2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRv PaHSPJaPZpygH9GB5CFn1Fjp4a533itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd +xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfQM415</latexit><latexit sha1_base64="6harSuAktBYoEam4YVvFUgVNlH8=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0lU0GPRizcr2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRv PaHSPJaPZpygH9GB5CFn1Fjp4a533itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd +xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfQM415</latexit><latexit sha1_base64="6harSuAktBYoEam4YVvFUgVNlH8=">AAAB6nicbVBNS8NAEJ3Ur1 q/qh69LBbBU0lU0GPRizcr2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRv PaHSPJaPZpygH9GB5CFn1Fjp4a533itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd +xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfQM415</latexit>
Ld0
<latexit sha1_base64="VwClIGik6FWx8bqDq5 XcLcXyH7E=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6ceGign1AG8JkMm2HTiZhZqKUmE9x 40IRt36JO//GSZuFth4YOJxzL/fMCRLOlHacb2tldW19Y7OyVd3e2d3bt2sHHRWnktA2iXksewFWlDNB 25ppTnuJpDgKOO0Gk+vC7z5QqVgs7vU0oV6ER4INGcHaSL5dG0RYjwnm2W3uZ6Hv5L5ddxrODGiZuCWp Q4mWb38NwpikERWacKxU33US7WVYakY4zauDVNEEkwke0b6hAkdUedkseo5OjBKiYSzNExrN1N8bGY6 UmkaBmSyCqkWvEP/z+qkeXnoZE0mqqSDzQ8OUIx2jogcUMkmJ5lNDMJHMZEVkjCUm2rRVNSW4i19eJp2 zhus03LvzevOqrKMCR3AMp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxH12xyp1D+APr8wdwFpQZ</latex it><latexit sha1_base64="VwClIGik6FWx8bqDq5 XcLcXyH7E=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6ceGign1AG8JkMm2HTiZhZqKUmE9x 40IRt36JO//GSZuFth4YOJxzL/fMCRLOlHacb2tldW19Y7OyVd3e2d3bt2sHHRWnktA2iXksewFWlDNB 25ppTnuJpDgKOO0Gk+vC7z5QqVgs7vU0oV6ER4INGcHaSL5dG0RYjwnm2W3uZ6Hv5L5ddxrODGiZuCWp Q4mWb38NwpikERWacKxU33US7WVYakY4zauDVNEEkwke0b6hAkdUedkseo5OjBKiYSzNExrN1N8bGY6 UmkaBmSyCqkWvEP/z+qkeXnoZE0mqqSDzQ8OUIx2jogcUMkmJ5lNDMJHMZEVkjCUm2rRVNSW4i19eJp2 zhus03LvzevOqrKMCR3AMp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxH12xyp1D+APr8wdwFpQZ</latex it><latexit sha1_base64="VwClIGik6FWx8bqDq5 XcLcXyH7E=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6ceGign1AG8JkMm2HTiZhZqKUmE9x 40IRt36JO//GSZuFth4YOJxzL/fMCRLOlHacb2tldW19Y7OyVd3e2d3bt2sHHRWnktA2iXksewFWlDNB 25ppTnuJpDgKOO0Gk+vC7z5QqVgs7vU0oV6ER4INGcHaSL5dG0RYjwnm2W3uZ6Hv5L5ddxrODGiZuCWp Q4mWb38NwpikERWacKxU33US7WVYakY4zauDVNEEkwke0b6hAkdUedkseo5OjBKiYSzNExrN1N8bGY6 UmkaBmSyCqkWvEP/z+qkeXnoZE0mqqSDzQ8OUIx2jogcUMkmJ5lNDMJHMZEVkjCUm2rRVNSW4i19eJp2 zhus03LvzevOqrKMCR3AMp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxH12xyp1D+APr8wdwFpQZ</latex it><latexit sha1_base64="VwClIGik6FWx8bqDq5 XcLcXyH7E=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuiy6ceGign1AG8JkMm2HTiZhZqKUmE9x 40IRt36JO//GSZuFth4YOJxzL/fMCRLOlHacb2tldW19Y7OyVd3e2d3bt2sHHRWnktA2iXksewFWlDNB 25ppTnuJpDgKOO0Gk+vC7z5QqVgs7vU0oV6ER4INGcHaSL5dG0RYjwnm2W3uZ6Hv5L5ddxrODGiZuCWp Q4mWb38NwpikERWacKxU33US7WVYakY4zauDVNEEkwke0b6hAkdUedkseo5OjBKiYSzNExrN1N8bGY6 UmkaBmSyCqkWvEP/z+qkeXnoZE0mqqSDzQ8OUIx2jogcUMkmJ5lNDMJHMZEVkjCUm2rRVNSW4i19eJp2 zhus03LvzevOqrKMCR3AMp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxH12xyp1D+APr8wdwFpQZ</latex it>
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Figure 4. Illustration for the policy updating during calibration.
The grey model in the figure is the trained navigation model from
the training set, which is fixed during the adaptation process. The
yellow model is the calibrated model that is jointly optimized by
both the policy loss from imitation learning on marker data and
the distillation loss on the intermediate representations from the
pre-train model.
and the pre-trained activations by:
Lcd = −
∑
1− cos(hci , hpi ), (4)
where cos denotes the cosine similarity in our experiments.
hci and h
p
i denote the hidden states of the adapted model and
the pre-trained model at i-th step, respectively. The pre-
trained model is held fixed during the distillation process.
The final adaptation loss function is computed from:
Lc = λLcd + (1− λ)Lca, (5)
where the λ is the parameter to balance the policy loss and
distillation loss. We empirically analyze the value for λ in
Section 6.4. After the adaptation, the agent is tested on the
test questions in the same manner as in the original setting.
6. Experiments
6.1. Setup
Dataset and settings. The EQA v1 dataset [8] is a VQA
dataset grounded in House3D [39]. There are 648 environ-
ments with 7,190 questions for training, 68 environments
with 862 questions for validation and 58 environments with
933 questions for testing. The environments in different
split have no overlapping. To sweep over the difficulty of
the task, agents are set by spawning 10, 30, or 50 actions
away from the target, denoted as T−10, T−30, and T−50,
which corresponds to the distance of 0.94, 5.39, and 11.01
meters from the target, respectively. For the medium and
long distance (T−30, T−50) questions, the target objects are
usually not visible to the agent, and hence the agent needs to
take actions to explore the environment to reach the target.
In the standard setting, the agent is optimized only on the
training data split. Once trained, its policy is fixed and then
evaluated on the test questions. In our proposed calibration
setting, users can ask the agent a few questions about mark-
ers in the test environment, During the process, the agent
can change its policy. After that, its policy is fixed and eval-
uated on the test questions.
Baselines. We compare our method to the following base-
lines: (i) Planner-Controller Navigation Module (PAC-
MAN) [8] designs a hierarchical structure for navigation
module, with a planner to select actions (directions) and a
controller that decide how far to move following this ac-
tion. The navigation module and visual question answering
model are first trained separately and then jointly trained
by the reinforcement learning method. (ii) Neural Modu-
lar Control (NMC) [9] proposes a hierarchical policy for
the navigation module, where the higher-level master pol-
icy proposes subgoals to be executed by sub-policies. (iii)
Blindfold baseline [3] is a question-only BoW baseline that
never navigates nor observes the environment. We cite their
performance reported in their papers for an apple-to-apple
comparison.
Evaluation Metrics. Following [8, 9], we evaluate the per-
formance of the navigation and the question answering ac-
curacy. We evaluate the navigation policy by d∆, which
is the change in the distance towards the target, from the
initial spawning position to the final stopping position. In
other words, how much progress does the agent make mov-
ing towards the target. As mentioned, the EmbodiedQA
agent is expected to first observe the target before answer-
ing the question about it. The navigation performance d∆is,
therefore perhaps, equally important in evaluating an agent.
There are 191 answer candidates in the EQA v1 dataset.
Similar to other VQA tasks, the question answering perfor-
mance is measured by the classification accuracy.
Implementation details. We use PyTorch [34] for all ex-
periments. We develop our model based on the code1 re-
leased by [8]. In experiments, we take the pre-trained CNN
model released by [8] as the image encoder. The input ques-
tion is embedded by a two-layer LSTM with cell size 64,
and we learn the embedding for each word with 64 dimen-
sions. We take a two-layer LSTM with cell size 128 as the
navigation module. The λ in Eqn. (5) is set to be 0.2 accord-
ing to the performance on the validation set. The Adam [22]
optimizer with the learning rate of 1 × 10−5 is used for all
the experiments. The source code and models will be made
available to the public.
6.2. Baseline Comparison
Table 1 summarizes the comparison in terms of the nav-
igation and the QA accuracy on the EQA v1 dataset. Re-
call Blindfold is the BOW baseline in [3] using no visual
information. Even though the Blindfold baseline achieves
the best QA accuracy among all of the other methods, it
suffers from the very poor (random) navigation accuracy.
This is expected since the agent is merely learning the lan-
guage bias between the question and answers. In contrast,
1https://github.com/facebookresearch/EmbodiedQA
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Methods Test Envs
Navigation d∆ QA accuracy
T−10 T−30 T−50 T−10 T−30 T−50
PACMAN [8] Standard -0.04 0.62 1.52 48.48% 40.59% 39.87%
PACMAN +REINFORCE [8] Standard 0.10 0.65 1.51 50.21% 42.26% 40.76%
NMC [9] Standard -0.29 0.73 1.21 43.14% 41.96% 38.74%
NMC +A3C [9] Standard 0.09 1.15 1.70 53.58% 46.21% 44.32%
Our E2E Standard 0.23 1.48 2.36 52.91% 48.01% 47.29%
Blindfold* [3] Blind -0.02* -0.13* -0.44* 50.34%* 50.34%* 50.34%*
Our E2E (Fine-tuning) Calibration 0.13 1.52 3.27 52.11% 48.22% 48.27%
Our E2E (Distillation) Calibration 0.19 1.53 3.39 52.23% 48.91% 48.83%
Table 1. Evaluation of navigation and question answering accuracy on the EQA v1 test set. * marks the agent uses no visual information.
“Test Envs” indicates the test setting, where “Standard” indicates the agent’s policy is fixed during evaluation. “Calibration” is the new
setting where users can first ask the agent in the test environment a few questions about markers, during which the agent can change its
policy. We spawn the agent at 10, 30, and 50 action steps away from the target for evaluation, indicated T−10, T−30, and T−50 in the table,
respectively. d∆ measures the change, in the distance, towards the target after navigation. A higher d∆ indicates the agent is closer to the
target when it stops.
other EmbodiedQA methods achieve much higher naviga-
tion accuracy which lends credibility to their actual QA per-
formance. In the standard setting, our simple E2E method
achieves comparable or even better performance compared
to state-of-the-art methods such as PACMAN and NMC. It
yields the best navigation accuracy and competitive QA per-
formance. The improvement on QA accuracy is more evi-
dent for the medium (T−30) or long (T−50) distance ques-
tions. These results verify the efficacy of our end-to-end
navigation policy over other more complicated policies.
Under the calibration setting, our E2E (distillation)
method outperforms our E2E baseline method. The
biggest gain comes from the navigation, especially from the
medium distance (T−30) and long distance (T−50) naviga-
tion. For example, with the calibration, the long distance
(T−50) evaluation is improved from 2.36 to 3.39, and the
QA accuracy is also increased from 47.29% to 48.83%.
The results substantiate the importance of the introduced
calibration step in the EmbodiedQA setting. The compari-
son between the last two rows suggests the distillation may
be more effective than fine-tuning in this calibration. It is
worthwhile noting that the calibration seems not improving
the performance for the short distance questions (T−10). In
this situation, the agent is spawned very closed to the ques-
tioned object (on average 0.94 meters), and the agent is of-
ten able to observe the target without executing any further
move.
In both settings, we should note that even though our
simple baseline achieves competitive results, EmbodiedQA
remains to be a very challenging task. The room for further
improvement is still very big. We believe future researches
will significantly beat this simple baseline both in terms of
the navigation and QA accuracy.
6.3. Qualitative Results
We show some qualitative results in Fig. 5. The yellow
line and red line indicate the trajectories of our agent and
PACMAN [8] agent, respectively. As we can see, given a
question about a specific object (indicated by the star in the
figure), our agent can find the correct direction to explore
and usually moves closer to the target. In contrast, the pre-
vious PACMAN agent has no idea about where the target is
in this new environment. As a result, the agent may behave
randomly, wasting the valuable action steps, or explore in a
totally wrong direction.
The answer predictions are shown at the bottom of each
environment. The answer in bold indicates the correct an-
swer. For the rightmost question, although PACMAN pre-
dicts the correct answer, the agent is actually quite far away
from the target, i.e. its prediction is right but not for the
right reason. The result echoes the statistical irregularities
in the EQA v1 dataset as reported in [3]. However, we be-
lieve this issue can be mitigated by evaluating both QA and
navigation accuracy.
6.4. Setting Studies
We design experiments to evaluate our design choices in
the proposed calibration setting.
The number of placed markers. As introduced in Sec-
tion 5, we select five markers from the SUNCG dataset that
do not overlap with the target objects in the EQA v1 dataset.
By default, we place all of them in each test environment.
To understand the influence of the placed markers on the
navigation performance, we gradually place the markers in
each environment. Fig. 6 shows the navigation performance
curves over the number of placed markers in the x-axis.
These results indicate placing more markers improve the
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Question: What room is the plant located in?
Spawn location
Target location
Trajectory of the PACMAN agent
Trajectory of our agent
Question: What room is the air conditioner located in?Question: what color is the fish tank/bowl?
Our: Brown PACMAN: Blue Our: Bath room PACMAN: Living room Our: Dinning room PACMAN: Dinning room
Figure 5. Comparison of qualitative results with PACMAN [8] on the EQA v1 dataset. The yellow line and red line indicate the trajectories
of our calibrated agent and PACMAN agent, respectively. As we can see, given a question about a specific object (indicated by the star
in the figure), our calibrated agent could easily find the correct direction and get close to the target for further observing. In contrast, the
previous PACMAN agent has no prior information about the house, resulting in the wrong direction to explore. The answers of the two
agents are shown at the bottom of each environment. The answer in bold is the correct answer to the question.
Number of placed markers in each environment
d
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Figure 6. Navigation performance curve over the number of placed
markers in each environment. We evaluate the agent at the short
distance T−10, medium-distance T−30, and long-distance T−50.
The curves prove the effectiveness of the placed markers. In gen-
eral, the more markers we place, the higher the navigation perfor-
mance is achieved.
agent’s performance for medium-(T−30) and long-distance
(T−50) questions. The results suggest that users can repeat-
ably place markers more time to improve the agent’s perfor-
mance. It is less beneficial for the short-distance questions
where the agent is often able to see the target at its spawn
location.
The balancing parameter λ. In Eqn. (5), λ is a hyper-
parameter balancing the policy learned from the training
data and the new environment. Fig. 7 shows the perfor-
mance curves over different values of λ, in which λ = 0
denotes only using the policy loss whereas λ = 1 is only
distilling from the pre-trained model. From the difference
between λ = 0 and λ = 1, we see that the calibration help
improve the pre-trained model. The best navigation perfor-
mance is achieved at λ = 0.2which suggests our distillation
can effectively balance the two losses and perform better
than using the policy loss or the distillation loss alone.
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Figure 7. Performances on different values of the balancing pa-
rameter λ defined in Eqn. (5).
7. Conclusion
In this paper, we conducted an empirical study to revisit
a recent topic of EmbodiedQA. Our studies show that Em-
bodiedQA is an interesting yet challenging problem where
the QA and navigation accuracy are both needed to faith-
fully evaluate an agent. Under these criteria, a blind agent,
which appears to answer questions correctly, suffers from
random navigation. This invalidates the result of the blind
agent. On the other hand, we show that a simple yet effec-
tive end-to-end baseline is able to achieve very competitive
results to the state-of-the-art. We found the poor navigation
in a new environment is the current bottleneck for Embod-
iedQA. We tackled this issue from another angle by intro-
ducing a slightly different “calibration” setting. In this new
setting, to assist the agent to adapt to the new environment,
we design a proxy task where we randomly place markers
and ask questions about them. These rhetorical questions
drive the agent to explore and familiarize the environment.
Experimental results validate this small change in setting
leads to a significant gain in navigation when the agent is
further (30 and 50 action steps) away from the target.
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